Supporting creativity via collaborative group brainstorming is a prevalent practice in organizations. Today's technology makes it easy for international and intercultural group members to brainstorm together remotely, but surprisingly little is known about how culture and medium shape the underlying brainstorming process. In a laboratory study, we examined the influences of individual cultural background (American versus Chinese), group cultural composition (same-versus mixed-culture groups), and communication medium (text-only versus video-enabled chatrooms) on group brainstorming conversations. Cultural differences and adaptation in conversational talkativeness and responsiveness were identified. The text-only medium reduced cultural differences in talkativeness. Working in a mixed-culture group led to cultural adaptation in the communication style of Chinese but not American participants. We discuss implications for international group brainstorming.
INTRODUCTION
Brainstorming, or generating new ideas to approach a situation or stimulus, is a fundamental aspect of many types of work. Designers brainstorm new products, researchers brainstorm study ideas, and engineers brainstorm different solutions to construction problems. Because individuals are often limited in their visions or cognitive resources, a popular way to support creativity and innovation in organizations is to brainstorm and generate ideas collaboratively [36] .
During group brainstorming, group members are expected to think of as many ideas as possible even if the ideas seem wild or deviant. The main purpose of asking people to brainstorm together is to stimulate more creative thoughts by overhearing other group members' ideas [34] . (See Figure 1 for an example of a brainstorming task from our experiment).
The wide availability of computer-mediated communication (CMC) technologies makes it easy for geographically dispersed group members to brainstorm remotely and interculturally, but little is known about how culture affects the processes and quality of computer-mediated group brainstorming. Recent research has shown interactions between culture and communication media on collaborative work (e.g., [12] [38] [40] [45] ). For example, Chinese pairs engage in more in depth conversations when rank ordering items than do American pairs, and these cultural differences are heightened when the pairs communicate face-to-face vs. via Instant Messaging [38] . These and similar findings suggest that the technology used for brainstorming will interact with individual cultural background to shape group communication processes.
Previous studies of culture and CMC have typically used tasks such as direction-giving [12] [45] or rank ordering items [38] [40] that have, at least in principle, one correct solution. Group brainstorming differs from such tasks along a number of dimensions. In particular, group brainstorming aims to elicit as many ideas as possible through social interaction. Creative, unconventional and even deviant ideas are all encouraged. The structure of group brainstorming is different from tasks that look for correct solutions, and therefore the ways culture and communication media influence group brainstorming may also be different. As people's behavior during group brainstorming is affected by peer evaluation and social conformity [1] [13], culture and media may influence the extent of evaluation pressure people perceive and change the dynamics of group brainstorming.
In the current study, we examine how team members' national cultural background (American vs. Chinese), group cultural composition (same-versus mixed-culture groups), and communication medium (text-only vs. video-enabled chatrooms) influence communication in a brainstorming task. In this study, three-person intra-or intercultural groups were asked to brainstorm over two communication media: a richer medium (video-enabled chatroom) and a leaner medium (text-only chatroom). The results indicate that Chinese-born participants were less talkative than American-born participants, but this difference was reduced when the triads interacted over the leaner text-only medium. We found evidence of cultural adaptation in mixed-culture groups, such that Chinese-born participants adapted their communication styles when working with American partners.
THEORETICAL BACKGROUND
We first describe the characteristics of group brainstorming tasks; then, we review research in three areas pertinent to the current study: dimensions of cultural variation, influences of group cultural composition and effects of communication medium.
Group Brainstorming
Group brainstorming is typically conducted according to a set of rules intended to facilitate the generation of ideas in groups [36] . Brainstorming rules primarily emphasize the quantity of ideas and discourage criticism. The assumption is that more ideas will be stimulated if group members can overhear one another's ideas and that people will be more likely to express unconventional ideas if they do not have to worry about others' negative evaluations.
In the literature on creativity, one prominent observation is the vulnerability of group creativity to social factors [1] . Consistent with this observation, considerable research on group brainstorming has identified social factors that may influence these processes such as production blocking (having to wait to express an idea because another person is talking), evaluation apprehension (fear of others' opinions of one's ideas) and social loafing (letting others do the work) [13] . In particular, even though brainstorming rules have attempted to reduce criticisms, evaluation apprehension and resulting self-censorship remains salient in brainstorming.
Evaluation apprehension during group brainstorming can be linked to more general social psychological processes like impression management and self-presentation that are driven by a desire for social acceptance [18] . Therefore, the extent of evaluation apprehension that one may exhibit is a function of the applicable social norms. Brainstorming instructions for eliminating evaluation concerns were shown to be ineffective [14] . If contributing unique ideas is considered socially acceptable in the setting (e.g., in particular cultures or media), the effectiveness of group brainstorming is likely to be enhanced. Culture and communicative medium may play key roles in determining the extent of evaluation apprehension people feel during group brainstorming.
Prior research on group brainstorming has focused extensively on productivity rather than on processes of communication and social interaction. Recent analyses of conversations recorded from group brainstorming sessions revealed that the underlying communicative processes were more complex than expected [24] . Thriving conversational activities were observed in the field. Although such conversation violates Osborn's normative brainstorming rules [36] , it is popular in real world cooperative work. Currently there is very little understanding of the conversational aspects of brainstorming.
At least two dimensions of brainstorming conversations are of interest: (a) talkativeness-how engaged and productive group members are, and (b) responsiveness-the extent to which group members respond interactively to others' suggestions. Conversational responsiveness is an established concept in linguistic studies of dialogue structure [4] . Utterances in dialogues are often categorized as initiations versus responses. In ordinary dialogues, initiations set up discourse expectations, and responses fulfill these expectations. In group brainstorming conversations, an initiation (e.g., suggesting an idea) does not necessarily call for any response [24] . Decisions about whether or not to respond to another's idea are thus likely to be based on group norms, culturally-based conversational styles and similar factors.
Dimensions of Cultural Variation
Culture influences what social norms individuals recognize and what behaviors they believe they should or should not perform [44] . There has been much debate regarding how cultures differ from each other and what cultural dimensions can be used to explain observed cultural differences. Here we review three interrelated dimensions that are especially relevant to group brainstorming: individualism vs. collectivism [22] [44], analytic vs. holistic reasoning [35] and low vs. high-context communication styles [21] . Because our goal is to understand internationally constituted brainstorming teams, we focus on "national culture," which we define as the central tendency among a set of people united by geographical borders and, therefore, a certain degree of shared heritage, language and practices. It should be stressed that we do not assume homogeneity within national cultures or view cultural differences as absolutes. Rather, we expect these cultural differences to be ones of degree or emphasis among a heterogeneous set of people. In the context of group brainstorming, the distinction between holistic and analytic reasoning may be evident in how sensitive participants are to social and contextual influences. Participants from holistic cultures may be more sensitive to contextual information during group brainstorming, including cues about other group members' cultural backgrounds and the discrepancy between self and others. For holistic thinkers, detecting or expecting cultural discrepancy in styles of communication and collaboration may lead to discomfort and a motivation to reduce the discrepancy by adapting their own actions and ideas to the rest of the group. In contrast, members of analytic cultures may focus more narrowly on the task at hand, ignoring and thus failing to adapt to social and cultural differences.
Low vs. high context communication. Hall [21] proposed that cultures varied in how and where speakers encoded information for communicating intended messages. He distinguished low-context and high-context communication patterns. Speakers in low-context cultures, such as that of the United States, tend to state messages verbally and explicitly. Speakers in high-context cultures, such as that of China, tend to use multiple channels (e.g., non-verbal cues) and the context (e.g., interpersonal relationships) to communicate the messages in an implicit manner [20] .
Low vs. high context communicators may be expected to differ in how they ground their messages, or ensure that the message has been understood as intended by other group members ([5] [29] ). Grounding may be undertaken by a number of means, such as asking questions verbally (e.g., "do you understand?") or seeking non-verbal evidence of comprehension from others' facial expressions or reactions. We might expect speakers from high-context cultures to place greater emphasis on nonverbal cues in the grounding process than speakers from low-context cultures. As a result, we would expect grounding to be more difficult for high context speakers when using leaner media such as IM or text chat than when using richer media such as video conferencing. However, prior work is inconsistent on this point (e.g., [38] [39] [45] ).
In the context of group brainstorming, in which multiple team members may offer ideas at the same time, it can be cognitively expensive to form and maintain multiple conversational threads to ground multiple idea proposals interactively in parallel. Therefore, cultures may differ in how many details are provided for offered ideas.
Participants from high-context cultures may provide less information because they rely on shared context to clarify their meaning. In contrast, participants from low-context cultures may tend to explicate their or others' ideas and may engage more in interactive grounding if necessary.
Effects of Group Cultural Composition
One interesting issue raised by intercultural collaboration concerns the influences of working in culturally homogeneous vs. heterogeneous groups. Research on small groups has revealed that interpersonal interactions within groups may influence group members' attitudes and behaviors [28] . Studies of communication accommodation also suggest that people adapt their communication patterns to those of their partners [19] . Therefore, we might expect cultural adaptation in reasoning and communication styles to occur in mixed-culture groups [3] . Consistent with this expectation, several recent studies have shown that bicultural individuals' cultural attribution and decisionmaking shifts according to cultural cues presented in the context [6] [23] . Further, it is likely that the extent of this adaptation depends on whether the individual comes from an analytic vs. holistic culture. As we discussed earlier, members of holistic cultures may be more aware of contextual cultural cues and thus more likely to adapt to their partners.
There is relatively little research investigating the influence of group cultural composition on collaborative work by contrasting intra-cultural with intercultural groups [3] . More specifically, there is little understanding of whether the low and high context communication styles Hall identified are stable culturally-based characteristics of individuals or situation-specific strategies that shift depending on the cultural makeup of a brainstorming group.
Effects of Medium on Brainstorming
Communication medium can regulate and even mask the social information that individuals perceive in communication [43] , with subsequent effects on team interaction (see, e.g., the review in [42] ). For example, a social norm such as "do not state one's wishes directly," salient in some high-context cultures, may appear more or less mandatory to individuals depending on the medium in use. Such medium-based expectations may affect the group brainstorming process, or interact with culture (from which the norms arise), or both.
Media richness refers to the capacity of a given medium to support the delivery and processing of multiple channels of information and enable a change of understanding within a time interval [10] . Rich and lean media differ in a number of ways, including the immediacy of feedback and the number of cues or channels utilized [10] [11] . Richer media such as video conferencing may afford greater social presence, providing partners with greater awareness of each other's presence than leaner media such as text-based chat would allow [41] . In group brainstorming, high social presence is considered detrimental because a heightened awareness of other group members may lead to greater evaluation apprehension, which in turn may lead to selfcensoring of wild ideas and consequently, poorer outcomes. Prior studies have showed that anonymity bolstered group brainstorming production [8] . CMC technologies enforcing anonymity and parallel inputs may effectively address evaluation apprehension and production blocking in group brainstorming [9] [17] [26] . These findings, derived from earlier single-culture settings, imply that leaner media may better support group brainstorming.
The Current Study
In this study, we investigate the communication processes of intra-and intercultural groups brainstorming over CMC. We examine how individual cultural background, group cultural composition and medium affect participants' conversational talkativeness and responsiveness.
The study compares Chinese-born and American-born participants because these cultures have been shown to differ along cultural dimensions important to group brainstorming (individualism/collectivism, holistic/analytic reasoning, and high/low context communication). The study of teams constituted of American and Chinese members also has practical purposes given the rise of such collaborations in the real world workplace.
We conducted a laboratory study in which three-person groups performed two brainstorming tasks, one using a text-only chatroom and one using a video-enabled chatroom that showed a view of other group members' faces. We chose these two media so that we could hold the input method constant (typing) while adding richness via video.
The study was designed to test several hypotheses. In terms of talkativeness, we propose:
H1: American participants will provide more contributions to the brainstorming discussion than Chinese participants because there is a better culture-task fit between American individualistic cultural norms and task characteristics. Chinese participants will contribute less due to evaluation apprehension. Also Americans will tend to add more details to their ideas due to their low-context communication style.
H2:
Text-only chat will elicit more contributions from participants than video-enhanced chat, because of lower concerns of evaluation over the lean medium.
H3:
The effect of medium on contributions to the brainstorming discussion will be greater for Chinese participants than for American participants. Leaner media, because visual cues have been removed, may reduce Chinese collectivistic and holistic sensitivity to others' presence.
H4:
In terms of cultural adaptation, Chinese participants will become more talkative when working in mixed-culture groups because awareness of their partners' divergent communication patterns will motivate them to eliminate the differences through adaptation.
In terms of conversational responsiveness, we propose the following hypotheses:
H5: American participants, compared to their Chinese counterparts, will be more responsive due to a low-context communication style. They will add in details to explicate their own and others' ideas and engage in interactive conversations to ground messages.
H6:
The use of video will lead to increased responsiveness. The heightened sense of others' presence and interactivity will compel participants to respond to each other's messages.
H7: Similar to H4, Chinese participants will become more responsive when working in mixed-culture groups because of increased awareness about cultural differences in communication styles. They will attempt to eliminate the discrepancy through adaptation. American participants will not exhibit as much cultural adaptation.
We will also look at whether culture and medium interact to influence people's responsiveness.
METHOD Design
Three-person groups were asked to perform two structurally similar brainstorming tasks, one via a text-only chatroom and one via a video-enhanced chatroom. American-and Chinese-born participants were assigned to one of four group compositions: three Americans (AAA), three Chinese (CCC), two Americans and one Chinese (AAC) and one American and two Chinese (ACC). Overall, the experiment was a 4 (group cultural composition) by 2 (medium) design. Group cultural composition was a between-subject manipulation. Media and brainstorming topics were within-subject manipulations and were counterbalanced to account for order effects.
Participants
Forty-eight participants were recruited from a U.S. university and surrounding community. Among them, 23 participants were Americans born in the U.S. with English as their first language. The remaining 25 participants were international students born in China (80%), Hong Kong (5%) or Taiwan (15%) whose first language was Chinese.
The Chinese participants were all fluent or nearly fluent in English. Although they were all currently studying at a U.S. university, the majority had been in the U.S. less than 2 years. Participants were randomly assigned to experimental conditions. A total of 16 brainstorming groups were formed (3 AAAs, 4 CCCs, 5 AACs, and 4 ACCs).
Materials
Two brainstorming tasks of equivalent difficulty were created: the "extra thumb" question and the "extra eye" question. The extra thumb question asked participants to generate ideas about the benefits and difficulties for people having a theoretical extra thumb on each hand in the future. This task has been used in many previous brainstorming studies [15] [37]. The extra eye question (Figure 1 above) is a newly designed task that asked participants to generate ideas about the benefits and difficulties for people having an extra eye at the back of their heads in the future.
A post-experimental questionnaire was designed that included Triandis' individualism/collectivism scale [44] as well as basic demographic questions.
Equipment
In the text-only media condition, participants communicated via the chatroom function of AOL Instant Messenger (AIM, http://www.aim.com). In the videoenabled chatroom condition, participants were allowed to see themselves and the other two group members via a video conferencing client called ooVoo (http://www.oovoo.com) while using the same text chat client (see Figure 2) . Audio was unavailable for both media conditions. Participants in both conditions worked on the brainstorming topics by typing into the text-based chatroom. At the right hand side of the computer display, a series of images related to the current brainstorming topic were shown as cues for participants' idea generation.
Procedure
Participants were brought to the laboratory and instructed about the brainstorming topics and brainstorming rules. Four conventional brainstorming rules [36] were provided to them: (a) the more ideas the better; (b) the wilder the ideas the better; (c) combination and improvement of ideas are sought; and (d) avoid evaluating others' ideas. Groups were given 15 minutes for each of the two brainstorming tasks. Between tasks, we switched which version of the chatroom they were using (text only or video enhanced text). At the end of both tasks, participants completed the post-experimental questionnaire.
MEASURES
The two sets of dependent measures, talkativeness and responsiveness, were derived from transcribing, processing and coding participants' conversations. We also analyzed participants' scores on the individualism/collectivism scale.
Talkativeness
Talkativeness was computed by counting the total number of words typed by each individual per brainstorming topic.
Responsiveness
To measure responsiveness, we first coded conversational turns by applying a coding scheme consisting of seven categories: ideation, meta-strategy, response, (dis-)agreement, explanation, picture, and others. Table 1 shows the definitions and examples of the main categories in our coding scheme. Two independent coders were recruited to perform the coding task. Inter-coder reliability based on 6% of the data was satisfactory (Cohen's Kappa=.69).
Among the coding categories, two general genres were identified. Ideation and meta-strategy are active utterances featuring self-initiated contributions. They are proposals possibly initiating conversational threads and follow-up exchanges. On the other hand, response, (dis-)agreement and explanation are reactive or responsive contributions evoked and elicited by antecedents.
The measure of responsiveness is operationalized as the percentage of reactive utterances out of the total of active and reactive utterances:
Responsiveness = Number of Reactive Codes / (Number of Active Codes + Number of Reactive Codes)
The higher the value, the more responsive a participant's messages are to the prior contributions by self or partners.
Individualism and Collectivism
Participants completed Triandis' individualism and collectivism scale [44] . The instrument consisted of 6 items for collectivism (Cronbach's alpha = .47) and 7 items for 
RESULTS
The hypotheses and research questions were investigated by using mixed model ANOVAs to account for possible local interdependency between data points caused by repeated measures and social interactions in brainstorming groups [25] . Two linear mixed models were created for talkativeness and responsiveness, separately. Note that the talkativeness measure was positively-skewed; that is, the distribution had a long tail on the positive side because a few people talked quite a lot. Therefore, a log10 transformation was performed prior to analysis. An initial screening of the Chinese participants' data indicated no differences between those born in China, Taiwan, or Hong Kong for either talkativeness or responsiveness (both F ≤ 1, ns.) Therefore, all native Chinese speakers were considered as a group in our analyses.
Attention was paid to whether prior acquaintance of participants affected group processes. From the postexperimental questionnaires, we identified four participants who knew each other before the study. A mixed-model ANOVA showed no significant difference on dependent measures (talkativeness, responsiveness) between participants from groups with or without a pre-existing relationship.
In the two linear mixed models, brainstorming trial was nested within the variable of participant. Participant was a random variable nested within group, and group was set as a random variable. Individual cultural background, communication medium, type of cultural group (e.g., working in same-culture versus mixed-culture group) and interactions among these variables were included as fixed effects in the models.
Note that in mixed models, when tests of fixed effects involve a linear combination of variances at different levels of the model (e.g., group and individual), it is standard to estimate the degree of freedoms associated with the denominators by using Satterthwaite's approximation. Therefore, non-integer degree of freedoms may occur in the analyses (see [30] for details).
Talkativeness
By using talkativeness as the dependent variable of a linear mixed model, we tested Hypotheses H1-4. The composite individualism score was included as a numeric covariate in this model for its role in hypotheses regarding talkativeness.
Consistent with Hypothesis H1, there was a main effect of culture on talkativeness. Participants with an American cultural background talked significantly more than those with a Chinese cultural background, F[1, 24.14]=8.27, p<.01. Contrary to Hypothesis H2, there was no medium main effect.
The individualism score covariate also had a significant effect on talkativeness. The higher the individualism score, the more talkative a participant was (regression parameter=.13, p<.05). Thus individual differences in individualism further refine the effect of individualistic vs. collectivistic national culture. A mixed model analysis of the log10 transformed data showed a significant interaction between individual cultural background and medium (F [1, 44] =7.17, p<.05; see Figure  3 ). Consistent with Hypothesis H3, post-hoc t-tests revealed that Chinese participants talked significantly more in the text-only chatroom than in the video-enabled chatroom (t=2.52, p<.05). In contrast, there was no significant difference in talkativeness in the two media conditions for American participants. Also, it is interesting to note that in video-enabled chatrooms, American participants were more talkative than Chinese participants (t= 3.71, p<.01), but in the text-only condition, the difference between American and Chinese participants was not significant (t=1.57, n.s.).
Leaner media thus appears to equalize talkativeness across cultural backgrounds.
Hypothesis H4 was not supported. There was no culture by type of cultural group interaction on talkativeness, suggesting no adaptation of this aspect of communication style as a function of the cultural homogeneity or heterogeneity of the group.
Responsiveness
We set responsiveness as the dependent variable of a linear mixed model to investigate Hypotheses H5-7.
Contrary to Hypotheses H5 and H6, there were no main effects of individual cultural background or communication medium on responsiveness. However, there was a significant interaction between individual cultural background and medium (F [1, 44] Figure 4 , it seems that Americans were lowering their responsiveness in mixed-culture groups, this effect was not significant.
DISCUSSION
The study has two key findings: (a) Culture by medium interaction-Chinese participants were less talkative in general, but they were more talkative in a text-only chatroom than a video-enabled chatroom. (b) Cultural adaptation-In same-culture groups, Americans were high in responsiveness while Chinese were significantly lower. When working in mixed-culture groups, Chinese participants adapted their responsiveness, increasing it to the level of the American participants. In this section, we discuss issues associated with these two findings.
Culture by Medium Interaction
In this study, we detected cultural background by medium interactions on both talkativeness and responsiveness, but there were no main effects of communication medium on either measure. This suggests that the influence of medium on brainstorming needs to be considered in light of the cultural backgrounds of the people using the system. Similarly, cultural differences in communication styles appeared to be adaptive in nature, thus appropriate technology adoption is required for better supporting collaborative work in multicultural contexts.
It is of interest to compare the current study with prior intercultural collaboration research. Prior studies using negotiation-oriented tasks found a reverse pattern on talkativeness. In [38] , Chinese intracultural pairs talked more face-to-face (rich medium) than over text-only Instant Messaging (IM) (lean medium), while in the current study, Chinese talked more over a text-based medium than over a richer video-added medium. However, the previous study confounded input method (typing vs. speech) with richness, whereas we held input method constant across levels of media richness.
In [38] , Chinese participants' talkativeness over rich medium seemed to be a consequence of seeking deeper contradiction resolution and cognitive agreements via prolonged discussions. This explanation is based on the observation that negotiation conversations are tightly coupled with the basic communication processes of conversational grounding. Talkativeness measures (e.g., number of words or number of turns conversed) are viewed as indicators of communication efficiency or efforts for achieving mutual understanding.
In contrast, in group brainstorming conversations, the role of conversational grounding remains unspecified. This is because (at least in principle) group brainstorming is a process of divergent thinking that seeks quantity of ideas, and it is not essential to follow others' ideas or to make sure ideas are understood as intended. Because group brainstorming calls for quantity of ideas rather than mutual understanding, normative brainstorming sessions are typically fast-paced, leaving little room for participants to work on grounding. For example, it is not unusual for group members in brainstorming sessions to be presented with several ideas almost simultaneously. Theoretically, it is too difficult for group members to converse deeply about every idea proposed. Therefore, the concept of communication efficiency or grounding does not seem compatible to normative group brainstorming. More words spoken may simply mean that more ideas are verbalized. However, as we have discussed at the beginning, group brainstorming conversations may be more complex than simply throwing out ideas [24] . For ideas to be stimulating and useful to other group members, they ought to be reasonably well understood. Grounding may still play a minimal role in group brainstorming, such as participants trying to achieve basic shared concepts, but not working hard to handle and repair misunderstandings. Overall, talkativeness in group brainstorming may be driven by multiple psychological processes, such as a combination of idea generation and grounding. The cross-study differences in talkativeness may be due to the different processes that drive people to talk in different tasks.
Cultural Adaptation
The interaction between cultural background and group cultural composition on responsiveness revealed that Chinese participants were more flexible in how they worked with partners in a group brainstorming session. The "holistic thinker" explanation can be applied on the grounds that Chinese-born participants are more sensitive to cultural cues and disposed to self-adapt in order to reconcile inconsistent communication styles existing in the sessions. In contrast, Americans appeared to have a more contextindependent pattern of collaboration. They may not have been aware of cultural differences in responsiveness, or may not have subscribed to a cultural norm indicating the need to "fix" this discrepancy through adaptation.
From the view of small group interaction, it may not be surprising that participants working in groups influence each other resulting in some mid-point between their individual communication styles [28] . But it is interesting that Chinese appeared to bear the brunt of this adaptation process. This is a noteworthy finding for intercultural collaboration. It merits further investigation to better understand the underlying psychological processes of cultural adaptation.
Second Language Issue
In the study, Chinese participants were non-native English speakers brainstorming in English. This enabled us to explore intercultural communication and collaboration but might also raise concerns that conversational styles and idea generation processes might differ for Chinese using their native language.
We found main effects of culture on talkativeness in the study. One explanation alternative to the discrepancy of cultural styles is the possible extra effort required in second language use by Chinese. However, this explanaton cannot account for the interaction effects between culture and medium on talkativeness as Chinese participants also conversed talkatively when using the text-only medium.
There is evidence showing that the cultural communication styles we identified are not peculiar to Chinese communicating in English. More specifically, the effects of typing in IM on Chinese communicating in a second language (English) [38] and in their native language (Chinese) [39] were found to be identical. One recent study found that Spanish-dominant English-Spanish bilinguals had similar idea generation productivity when brainstorming either in English or Spanish [2] . As one possible future direction to address the second language issue, we plan to replicate the study using American participants who are fluent in Chinese.
Implications for Technology Adoption and Design
Our findings have implications for technology adoption and for the design of systems. First, it is apparent that the same communication medium is not equally effective for members of all cultures. Seemingly small differences in features, such as adding video to a text-based chatroom, can significantly impact the extent to which members of some cultures contribute to group work.
Second, we found cultural adaptation in mixed-culture groups only for Chinese participants. American participants did not alter their behavior significantly in culturally heterogeneous vs. homogeneous groups. This finding may stem from the distinction between analytic and holistic reasoning. Perhaps American participants have less awareness of cultural differences in communication styles than their Chinese counterparts. An important question for future research is whether better performance on group brainstorming tasks would be achieved if both American and Chinese participants adapted their communication.
One design approach is to provide dynamic feedback to increase participants' awareness of cultural differences in communication styles and thus to distribute the responsibility of cultural accommodation to all members of mixed-culture teams. This type of dynamic feedback, which has been shown to improve group work in other contexts (e.g., [15] , [27] ) is a promising means of improving intercultural collaboration.
CONCLUSION
In this study, we investigated the influence of individual cultural background, group cultural composition and communication medium on group brainstorming conversations. Our focus was on conversational talkativeness and responsiveness. We found that although Chinese were less talkative in general, the use of lean medium increased Chinese participants' talkativeness. Interestingly, there was cultural adaptation such that Chinese participants became as responsive as Americans when working in mixed-culture groups. The findings demonstrate how cultural factors and medium jointly shape group brainstorming conversations.
